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Federal Communications Commission
March 17, 1992 Office of the Secretary

Ms. Donna Searcy

Secretary

Federal Communications Commission
1919 M Street, N.W.

Room 222

Washington, D.C. 20554

Re: Ex Parte Presentation in MM Docket No. 87-268

Dear Ms. Searcy:

At meetings today with the Commission officials listed
below and members of their staffs, Dr. James E. Carnes,
President and Chief Operating Officer of David Sarnoff
Research Center; Dr. J. Peter Bingham, President, Philips
Laboratories and NBC executive Michael Sherlock, President
Operations and Technical Services along with the undersigned
presented the attached material relevant to this proceeding.
The matters discussed by the executives at the meetings are
contained in this material or in the NBC comments previously
filed herein.

cc: Commissioner Marshall
Commissioner Quello
Thomas Stanley

No. of Copies rec'd Q

ListABCDE
Y]

=




SPITIAL REPGRICCNSUNER ELECTHONIC

DIGITAL

VIDEO

Television, communications, and computer
specialists are working to unsnarl the exchange
of maierial in any video format

mammm

sy om a digital lsserdise from g kigh-defirsition
TV network broadcast. Tha scenes lack the

stoves high-spesd roil digital wideo, and rs.
quasis additional color sequencss. Thay ap-
Dear immadiahly in & sacond windew of the
display, but as e iz reveiing them, the phons
rings and an image of kis sifs appears ina
thivd window. Her face {3 fiushad, and she is
obviously upset. ‘‘Homay, 1've had an acci-
dant with the cay, bst I'm not hurt,"’ she says,
‘s I'm afraid we're going to need a new
right fromt fander.’’ Mike answers, ‘‘Don’t
seorry about it, as long a3 you'rs O.K.** Mike,
his train of thought bsoken, is lempiad to look
in on o football game in a jfourth window.
Afr a fow minuiss, ke switthes o a Adl-
scresn display, and then giniiily goes back lo
his report. The phons ringa again and a fox
mﬁmammmm
window, containing inforssation (o includs in
the suport.

Visionary? Perkaps for now. But video com-
pression, optical-fiber netwerks, digital

ing, cigita bigh-definition televisi
and the hie—the technologies needed for
such a scanario—are alveady in hand, Stirred
by an explosion of digital imaging and com-
Ronala K. Jurgen Contributing Editor
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munications advances within st the past
few years, those involved in TV production,
broadcastmg, cable, computer graphics and
| workstations, telecommunications, con-
| sumer electronics, you nama it, are lining
‘ up 10 make reality serve their dreams.
}

|

November 1990 saw one of the first meet-
ings orgamzed 80 thal engineers from vari-
. ous disciplines couid debate how best to
pieca together the emerging worid of digi-
tal imagery. The sponsors wene the Ad-
vanced Televiaion Systerns Committee and
IEEE-USA’s Committee on Communica-
tions and Information Policy, and the venue
was Washingwon, D.C.
COORDINATION AND HARMGONIZATION. The
Digital Systems Information Exchange, as it
was called, explored digital developments,
loaked for arens of actual or potential com-
monality, and examined possible common
frameworks for manipulating digimi imnges
‘*at vanous levels of performancs, for a va-
risty of applications, and in & fashion that
takes best advantage of current and future
developments in television, computars, and
comununications techmalogies,”* So said K.P.
Davies. director of standards and technolo-
gy ior the Canadian Comp.,
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elevision (HDTV) and high-resolution im-

Gary DJemoa oﬂTamonFX m Culver
City, Calif., anothar participant, aiso found
harmonmnondesinbhmhgh:dt.hem

| graphics, compuiar-aided design and en-

control simusiation, compiter

aging (HRD systams that would be scalabls,
exenaible, and open. Scalability ha defined
as the ability to use a vAIIEty of Tesolutions,
temporal rates, colorimetry, and intensity
dynamic ranges. In other worda, diaplays
f,dengmd for one set of those parameters
should be abls to do a reasonable job of
I showing images produced at higher or lower
|_values of resclutions, rates, color, and so

forth.
ccording to Demos, re-

Wmmmpw-

Terred to the ability of a framework of dis-

mam:dnalyommddnneedm
demgn an architecture for high-definition

play formats or atandards 10 embrace new
requrements and applications.

architecturs would support inputs and dis-

Andangoen |

A Juturistic sdu-tasnment display could exhibil in windows, as simulated hare, full-motion
eoen. | or will vidso from a variay of vileo formats.

play perameters with many formats. (Exten-
aibility and open architecture are discussad
bmdmﬂhmhuarddadt&m
cial report, p. 28.)

Two further Digital Systems Information
Exciange meetings were held in March and
September 1991, the latter with tha spon-
sorship of the Society of Motion Picture and
Television Engineers (SMPTE) instead of
the Advanced Television Systams Coummnit-
tee. By then, the committee’s start-up func-
tion had bacome a standards imcrion led by
gemmwmummm Plains,

Y.

SMPTE's involvement was prompted by
the keynots address at the March session.
Michael J. Sheriock, president, operations

Defining torms

CO-REM XA: 2 compact-disc ROM edanaad ar-
chitechure that specifies an encoding format (adap-
{ve differential puise cooe modulation) for stonng
audio Intormation in 8 dighal lormat.

caTe: Commodore Oynamic Total Vision, a mu-
timedia Satem
wmwdmmmm
| from exssting standargs.

| Discrets cosing Lransiorm: 2 IOrm of COCING usad
in mast of the current image compression systems
10 reduce the number of bifs that must be trans

mitteq.

Exiemsinltity: the capadility of being extended o
higher parformance.

Hathmas Cottag; 2 statc s&1 ¢f mnmum-redun-
cangy insgral-iangin bit snngs.

Lassiess comprassien: 2 means of compressing
video data that ensures the gata is exactly racover-
able with no loss in image quality ~
Maitimedta: cescriptive of he delivery of informa-
tion that comines ditierent content formats (mo-
tion videq, sudio, Uil Images, graphics, animason,
ted, and SO ON).

R&8: rad-oreensblue. Atyncdcwumcomds
Dlay output signal compoesea of separalsly comiroda-
big fed, green, and biue signats, as 60pesed 10 com:
posite viaes i which Signals are cambined prior
io output.
Seatability: the capability cf peing placed in a
gracusted senes of performance of resolution

parameters.

| YUV ealar systom: 2 color-encoding schams lor

| atural pictures m which e umiance (Y) and ovo-
. mmnance (UV) are sepataie.

and techaical services, National Broadeast-
ing Co. (NBC), New York City, challsnged
mmmmm“%m

<% N

~ Stanley N. Baron, managing director of
technical deveiopment, NBC, and then
SMPTE engineering vice prasideat,
responded by saying that SMPTE would in-
vesuszu WO areas: apmtocolbndiml




the standards activitles of SMPTE.,

With a standardized or universai head-
er/deseriptor, any video stream could be
recognised by any device, whethera TV re-
cexver.eomwmormm.Omug-
ment of the would identify the
r type of video that had been received. If the
| receiving device contained the right kind of
1 decodars, it could than display the received
video. Othar parts of the descriptor would
specify the size of the dam packat and might
alao include such information as copyright
informazion and decoding algorithms.

Tha SMPTE Task Force on Haaderw/De-

Achieving a untversal
descriptor and an
tterformat excbange
Structure are crucial lo the
promsse of digital imaging

ven as the Digital Systems
Information E..:hange
mectings were . .~g haid
and task forces fram the

digital image architacture, progress was
being made on digital video standards, The
prossion, video telaconferencing, and full-
motion compression on digital atorage
madia. They have been proposed by the
Joint Photographic Experts Group
GPEG). the Internatianal Telegraph |

'mcphoneConnnmchomun

under the auspices of the Internation-
al Organizarion for Standardization
{S0). CCITT’'s Racommendation
H.261 (aiso called px64) specifies a
method of communication for visual
telephony. Both were described dn
sama datail in the October issue of /JEEE
Spectrum (see To proba further, p. 30].
JPEG is a genenal-purpose compression
standard designed to meet the needs of
| continuous-tone, stilkimage applications. It
is applicable to such uses as photovideotex,
desktop publishing, the graphic arts, color
! facstmile, nawspaper wirephoto transmis-
| sion, and medical imaging.
I Recommendation H.261 (px64) is & stan-

scriptors mvestigated such factors as the
header kernel, approphiate error-correcang
codes, and hlock-length specification, andon
Jan. 3 recommended & common protocol to
the SMPTE Standards Committee for con-
sideration at its maeting on Feb. 6. The
SMPTE Task Forcs on Digital Image Ar-
chitecture was sll, at this writing, weigh-
ing a0 open system scaiable to various per-
formance lavels and extensible to new
technalogies and had not yet reconunend-
ed a structure for a hierarchy of digital stan-
dards w faciliats interoperstion of high-
resohnondwphymm
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An abundance of video formats

dudhreovemgzbeenmdnnnelama
ty of the integrated-services digital nstwork
(ISDN). The px64 designation refers to p
x 64 kb/s, where p can have any valus from
1 to 30. The standard is intended for use in
videophone and videoconferencing. I p
equais 1 or 2 (due to severely limited avail-
able bit rate), only vidsophone is appropri-
mBmﬂpuequdwéormom.ﬂuauﬂ
able bit mte is higher and more complex
picames can be transmitted.

MPES FOR FULL-MOTION VIBED. MPEG, the
third digital video standard, can be applied
to such storage media as compact-disc ROM
(CD ROM), digital sudio tape, Winchaster
disk, and writable optical discs and on such
copumumication channals as [SDN and local-
area petworks (LANs). MPEG addresses
the compreasion of video xignals at about 1.5
Mb/s and of 2 digital audio signal at the rates
of 64, 128, and 192 kh/s per channal. It also
deais with the synchronization and mul-
tiplexing of multiple compressed sudio and

video bit streams.

The MPEG atanderd {s genaric, that is,
it is independent of any ona application, said
Didier Le Gall, director of research st C-
Cube Microgystems, San Jose, Calif. , at the
Third Annuaj Electronic Industries Assod-

suon Digital Video Workshop. The meeting |

was beld in Arimgton, Va., in October by the
Electronic Industries Association, Washing-
won, D.C., with the participation of the

0018-9235/52/83.0001992 [EEE

The work on header/descriptors and dig-
jral image architecture, when finalized in
standards, will expedite the development of
products capable of exploiting to the fullest
extent the various video farmats. In the
meantime, the existing standards or drafts
of standards are aiso aiding tha cause of in-
tetoperability.

There are products now available that per-
form some of the functions necessary far in-
teropenability. Many of them are based on
the standards described in the next sectian,
| Selacted products are described in the final
| section.

IEEE's Consumaer Elsctronics

Soclety.
To reduce tempornal radundancy, La Gall
md uumdudmmmbbd:-bnudm

codings; Motion information is based on 18-
by-16 blocks;: is ‘compressed. by . using
varable-length ¢odés (ot Misximum efficien~
cy.md:immuﬂtteddmgwmnhamﬁd
Information’- Tha virtable-langth coding
takes sdvantage of tha strong spatial redun-
dancy of this motioh. vector Sald and is ap-
pliad to further compeess the results of the
discrete cosine transform (DCT) and to re-
duce the impact of the motion information
on the total bitTata: Only those codes with
a faixfy high Probability of occurrence are
coded ‘with & Viriable-length code.

Since the DCT decorreistes the data, ts
output aftef quintitation is likely to have
mmﬁmmumbedﬂanﬂy
encoded- by’ 5 run-length encoder,
which simply gives the number of con-
secitive 2eros before a non-zero num-
ber. Run-length coding gives a signifi-
cant degree of compression.

Le Gall said that thres types of pic-
8 tures are considered in MPEG: in-
texpictures (I frames) that provide ac-
cess paints for random access with
moderate compresaion; predictad pic-
tures (P frames) that are coded with
Mto:wszmnmdmmd

umammmm.m
and a future reference for pradiction. Cleatly
tha three picture types are related (Fig. 1).

MPEG exploits the temporal redundancy
of video signals through motion-compen-
| sated prediction. The assumption here is
that the blocks of the aixrent picture can be
moddeduamnshﬁondblochdm
previous picture.* Also used is motion-
compensated interpolation, which adds s

P mncmmmm
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correction tesra to a combination of 2 past
and future picture reference. Motion-
compensated interpolation makes possible
a high degree of compression.

To reduce apatil redundancy, MPEG uses
DCT coding, as in JPEG and H.261. DCT
transforms a block of pixel intansities into
a block of frequency transform coefficients.
The wanstorm is applied in turn to new
blocks until the entire image bas been trans-
formed. At the dacoder in the receiver, the
mverse transformation is appliad to recov-
er the original image.

MPEG aiso uses visually weighted
quantization—that i3, coarser quantizers can
be used for the highar frequencies because
subjective perception of quantization error
varies greauly with frequency. Acording to
Le Gall, the exact quantization matrix used
depanas on parameters such a3 the chame-
turistics of the intanded display, the view-
ing distance, and the amount of noise in the

source.

The MPEG stmandard specifies a layered
structure, syntax, and bit stream for video
on digital storage media. The layered struc-
mupunuemmbmbkmwnthn

An exampie of bit-stream customization
given by Le Gall invoived providing random
sccess to, and the ability to edit, video stored
on & computer hard digk. He explained that
such operations would requirs many accass
points. Groups of picturss would be coded
with a fixed number of bits to make editing

posaihle.

The MPEG syntax containa six layers,
sach of which supports functions such as
Dcrmonmeompemmm
tion, and random access point. The syntax
also defines the bit stream, which is charac-
terized by two fields: bit rate and buffer size.
The larter spacifies the minimum butiar size
necessary to decode the bit stream within
tha contaxt of the video buffer verifier. It is
an abstract model of decoding used to veri-
fy that an MPEG bit stream can be ducod-
ed with reasonable buffering and delay re-
quirements.

La Gall explained that encoders and
decoders are not specifiad per 3¢ in the pro-
posed MPEG standard. In other words, an
encoder is an MPEG encoder if it can pro-
duce a legal MPEG bit stream, and ¢
decodas is an MPEG dacoder if it decodes
an MPEG bit stream sausfactonly [Fig. 2].
The standacd defines only the bit-stream
syntax and the decoding process. This allows
for enhancements in encoder performance
as technology advances.

-~ A new phase of MPEG commitiee activi-
tias is addressing the need for a video com-
pression algorithm for higher-resolution aig-
nals at bit rates up to 10 Mhys.

OTHER VIDES FORMAYS. In addition w0 JPEG,

H.261, and MPEG. 2 number of video for-
| mats must be taken into account wien con-

Fotwird pracieaorn
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(1] Display order for frama grosps for MPE G—one of thres main digital video siandayds—
consisls of inmerframe coding based on intrapictures (1), predicied pichrss (P), and isterpo-
lated, bidirechional prediciion (B). Hmaammpmummrmﬂmm
the ratio of tnterpolated picturs to inira- or predicted pictures is thres (o one.,

of tha pictures is flexidbls and depends spon such parameters as coding daiay.

[2] A typical MPEG dacoder would contasn a receiving buffey for the coded bit strsam wused
to venfy that an MPEG bit stream is decodabls with a reasonable buffering and delay -
quivement. The bit stream i3 demultiplexad issta overhead information (molson information,
Quantizer stepesze, macyodlock type, and quantized digital cosise tvangiorm, or DCT, coqffi-
cuents). The DCT coafiicianss are dequaniized and jad 1o an inverse DCT unit. A recomsivucisd
waveform from the IDCT is added 1o the resuit of the prediction. Tiwo referencas pictures are
3sd to form the predicior,

mm,,.u.m AL

lfnﬂw" LY

.

e B Number of il Regmisrad  Necwssary  Extension
Dytes to Oiow iganthicalion suppartve flag pratecton
nuMbW data

{3) A basic header/dascripior system for enabling recogwstion of a digilal video signal consists
of header identification and length, service identification. any supberting data needad, an
axtension flag to indicais if additional blocks of data should be accessed, and srvor protection.

sidering the problem of system interopera-
bility. They melude the analog television for-
mats of NTSC, PAL (phase aiternasing kne),
and Secam (sequential calor and memory),

coming on the market, tha Interactive Muld-
media Assocanion (IMA), basedianhu-
ton. D.C., has beem active

duurymdecomnbtﬂty.lnmtnndm&

the formats of proposed HDTV broad- | it formed the IMA Campatibility Commit-
&MMMM tee to develop recomumendations for muls

pnetary mulnmedia digital video formats.
The last-namad incinda Digital Video Inter-
actve (DVD) from Intel, Compact Disc In-
teracuve (CD-I) from Philips Consumer
Electroawcs, CDTYV from Commodore Elec-
tronucs, and PhotoCD from Kodak.

For the family of muitimedia products

timedia applicarions that would permit their
portability across a varisty of hardware-
software platforms. The committee has fo-
cused first on mtaractive video applications
m the MS-DOS eavironmernz, but plans later

to study other operating systems and moul-
timedia techaologies.




. A first draft of recommended practices
| was produced in August 1989 and 2 revisad

| draft in February 1990. The final document, |

''Recommended Practices for Multimedia
Portability, " Release R 1.1, was published
in October 1890, Among its recommenda-
| tions are commands for general system ser-
vices, visual management, videodisc phy-
ers, and X-Yetput devices. The recom- ¢
mended practices furnish piatforr in-
dependence but not device interoper-
ability (plug-and-play)..(Device inter-
operability requires classes of related
devices to furpish functionally identi-
cal semcu 3t the component level.)

latform independence lets applica-
nons run unchanged on any pladorm
based on the same general class of host
computers. They can do 50 anly if the
different hardware and software plat-
forms show consistant behavior at the
applicadon-interface level. Furnighing
that conaistency is the goal of the interface
and command definitions.

In November 1990, the U.S. Department
of Defense (DOD), Washington, D.C., incor-
porated the IMA specification in Military
Swndard 1379 Appendix D. On March 14 last
year, the DOD issued an instruction

timedia ¢oursewara and hardware systems
purchased by the DOD must comply with
the IMA specifications. And the IMA has
coordinated its cornpatibllity efforta with the
National Institute of Standards and Technal-
ogy (NIST), Gaithersburg, Md.

The efforts being put into standards like | is denied. or which are act defined in the re~

JPEG, H.261. and MPEG, and the work on
multimedia platiorm interoperability go far
10 make digital video more genarally usabie.
But before digital video interchange can be-
come widely possible, 3 smndardized bead-
er/descriptor and a raference structure for

mdmtcxdmmauemw They
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would enable the recognition of any video
signal 50 that the receiving device could dis-
play it—if that device had ths necessary

At this writing, the SMPTE draft stan.
dards for the two eleinants were not yet
avaiiable, But Spectrum did talk about them
with NBC’s Stanley N. Baron. Baron told
us that the SMPTE hesder/descriptor stan-
dard would define a single digital transport
protocol for all services, each of which would
be uniquely identified within the context of
the protocol. A key feanure of the protocol,
he said, is that if permits the bypassing of
any data blocks pertaining 1o services ‘‘for
whichd!lmianommmwlﬁchm
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Putting the standards to Work

| Personal computers,
compact-disc players, and
multimedia systems are
some of the products using
| Standard video formats

any of the proposed video
format standards are not
yet official. All the same,
products under develop-
ment are being based on
them—as well a8 on the
formats that have buen offi-
cially approved.

Among the many users of the JPEG stan-
dard is NeXT Computar inc., Redwoad City,
Calif. NeXTstep, the stangard operating en-
vironment on NeXT computers, includes

| support for the JPEG draft inits 2.0 version.
| Ali applications that use the NXImage class

28

can zead JPEG-compressed tag image file
format (TTFF) files. Tha decompression and
irnaging of a 24-bit 640-by-430-pixel image
takes Jess than 10 seconds oa a NeXT com-
puter equipped with a Motarola 68040
Processar.

Thai750 video processor, used in the DVI
muitimedia syatam from intei Carp., Prince-
ton, NJ., can process images encoded with

ceiver in question.’’

Baron cited key functions of the header
and descriptor. The header would:
o Identify by a registered number the encod-
&d standard used by the attached block of
data.

¢ Specify the length of that hlock of dats so

g that data could be bypassed a3 de-
scribed previously.
» [ndicate whether a deseriptor—an
| extenmion of the header—iollows the
header.
| ¢ Permit users to intercept data streams
: by and identif ices quickly.
il The descriptor’s chief function is to
Bl add inforraation to improve tha useful-
§ ness of the datx to the nser. It also pro-
BB vides a means of self identification and
§ arror protecton [Fig. 3.
N Baron gave us an example of how the
. headar/descriptor might be used with
lhep:upoceddzgrulHDTVuanmonm
tems for a U.S. terrestrial standard. A head-
er identificstion number could be assigned
to the video data blocks, another could de-
scribe the type of audio (monophonic, ste.
reo), and a third the program or program
source identification (or the program iden-
tifier could contain the bits necessary to
identify the audio sarvice). .
Using this scheme, Baroa tald us, the en-
tire basic service conld be defined in a data
service requiring as Sittle ag leas than 20
bytes of data per vidéo frame, or 4800 kivs,
But by providing for exteasions, the system
oouldbeapudadtoammodauﬁwam
needaalthn hcalcomxty

'mmemm.umm.

640-by-480 JPEG-encoded image in less
than one sacond. [ntel is now developing a
chip that will handls MPEG decoding for ine
troduction later this year

CO- T8 G0 MPER. A good exammple of the
trend to full-motion videa in muitimedia
products is tha Philips Imagination Machine,
a CD-1 home emtertainment system that

Seme ustwork protecols and their bit-rate regimes
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[d] Philips Ressarch Laboratoriss designed
this Compact Disc Intevactive (CD-I) decoder
Jor Jull-raotsons video. Onos the vidso is decod-
d from umsnance and chromenance (YUV)
data and converied io red-green-blue (RGB)
data, st can be shown as a partial-scresm dis-
play togather wnth othar video partial-screan
displays.

combines CD-quaility sudio with video, text,
graphics, animatien, and interactive capabil-
ites. The product debuted m New York City
on Oct, 16. The CD player is connacted to
any TV receiver and stereo aystem. A stan-
dard 8-inch CD-I disc is loaded in the same
way as 2 CD-Audio disc and is controlied by
a remote control thumbatick.

Users direct tha action on the TV screen,

activating selected areas by pointing to and
clicking on command areas on the screen
| (noted with symbals or wards). The usar
may also mterrupt a program while it is run-
ning, whether to recall a certain chaice, go
back 10 2 previous step, ask for more detailed
informarian, or request infarmation in anoth-
er language,
The Magnavax CDIS10 player was de-
veloped ta 2 worldwide CD-[ standard to
ensure companbility with all CD-I discs
developed, regardless of make, manufac-
turer, or country of origin. The player will
also play 3-inch and 5-inch CD-Digial Audio
discs, CD+Graphics discs and visuals, CD
ROM-XA *‘bridge’’ discs, and Photo CD
dises.

The current piayer has still picture and
animated video capabilities but not full
motion videa. But an MPEG-based full-
motian video module will be available from
Philips later this year and wil] plug irto a
socket aiready in place on the back of the
CD-1 player chasais,

An input controtler in the decoder (Fig.
4) recetves the encoded full-moGon video bit
stream and stores it in & buffer. The con-
troller also extracts timing data~used to

Sursaemivitng (be smnaenls D work

28 qudio, and to easurs that real-ums de- |
mands from the bit stream are obeyed—and |
sends that data to tha system coanuler. The |
output from the buffer is processed by a
variable-length decoder, winch recovers mo-
tion vectors, decivion data, and quantized |
blocks from the encoded bit stream and |
passes them to the system controtler, The |
quantized blocks are 2130 dequantized and |
wansiormed by an inverss discrete coxmne
transform.

The 8-by-8 huminance or chrominance
blocks that are the transform’s output go to
2 frame recoastructor, which processes
them, together with the motion vectors and
decision data, to reproduce the frames,
Reconstructed frames are available with 2
frame rate of 24, 25, or 30 Hz. The rate de-
pends on the frequeacy of the coded video
after subsampbng. The YUV representation
of the frames—the specific representation
of laminance and chrominance used in the
encoder and decodar—~—is transformed to an
RGB representation, which can then be dis-
played on 2 pordon af the screen.

Last April Philips Consumer Elsctronics
Co., Knmoniile, Tenn., and Motorola Inc.,
Schawmburg, Ill., announced plans to
cooperate in developing chips for CD-1 and
MPEG. Philips subssqueatly announced its
cooperation with C-Cube Microsystams Inc.
to develop real-time compression chips.

With full-motion video capability, a CD-I
disc could conceivably be used for full-length
movies that wouid be displayed on the full
screen. In that event, the CD-I discs would
compets with laser discs.

PHOTO €D SYSTEM. Philips has alsc worked
with E2stman Kodak Co., Rochester, N.Y.,
on new features for the Kodak Photo CD
system announced in September 1990. The

(5] An open-architscture receiver can handle media employing variable-baseband video
parameters and producs displays in a variety of formats.

|
—
|

[6) A muitiport receiver handles media with like-daseband video pasameters and uses @ sin-
synchromze video with other functions, such | gis display format.

idea behind the system is to enable con-
sumers to have tbeir 35-mm negatives or
slides inexpensively scanned and digitizad
by photofinishers for storage on Photo CD
discs. These discs, which hold up to 100 im-
ages of photographic quality, may be load-
¢d on a personal computar with a CD-ROM
drive. With Photo CD software, available in
the Photo CD Access devcioper toolkit, the
stored images may be modified, mamipuiat-
ed, and exported for use m such spplications
a3 word procassing, desktop publishing, and
painting and drawing packages.
Announced by Kodak and Philips at the
Consumer Electronies Show in Las Vegas,
Nev., in January was the news that sound,
text, and graphics can now be recorded with
the photographic images anto the Photo CD
discs. The discs with interactive playback
capahilities will be playabie an TV receivers
with dedicated Photo CD players (to be
available this summer), on CD-] players, and
on computers with CD-ROM XA (extend-
ed architacture) drives. Prerscarded discs
carry up to 800 images, digitally recorded
at TV resolution, or up to 72 minutes of full
CD audio sound. or any combination there-
of. Disc users will controi their viewing of
the contents through a simple infraned re-
mote control davice. The player also plays
standard CD audio discs. A Huffman encod-
ing process was used to obtain lossiess com-
pression after quantization of the high
frequency residual images,
MPEA FORMOTY, TOD. At least one of the pro-
posed U.S. digital HDTV tarrestrial trans-
migsion formats [ ‘The chailenges of digital
HDTV," IEEE Spectrum, April 1991,
pp. 28-30, 71-73] uses a video compression
technique based on MPEG. The Advanced
Digital Telavision (ADTV) entry from tha




Advanced Television Research Consordum
«~=NBC, David Sarnoff Research Center,
Philips Consumer Elsctronics, Thomson
Consumer Electronics, and Compression
Labs Inc. mmWEG++ that up-

_ mummrmmmnmgmn
‘| a standard header/descriptor to identify an
incoming bit stream of coded video data, the
receiving devics will not be able to display
the video unless it can decode that particu-
lar bit stream. With the proliferstion of video
formats, this presants a problem. Whereas
it might be relstively easy to design TV
receivers that could decode NTSC, FAL, and
Secam signals (if costs were 1o problem),
it would be very much more difficult to de-
sign a receiver that could decods every
video format.

By and large, ‘all-purpose’’ receivers
could have either an open architacmure (Fig
5) ar a multiport design (Fig. 6]. Arpad G.

ﬁmDmnlSynem:lnfommnEmnge
meeting in November 1990.

The open-architactuse receiver, he said,
i wﬁmmﬂu&memuﬂd&-
play parameters. But, he cautioned, al
moughmabmwpmaadmmg
}tal muitiresakution video could be a potential
asset for the workstation and persocnal com-
puter, it would present a problem for TV
recetving systams. They may require sim-
pler and mynmum-cost design rules—hence

30

Open-architscturs felevision
Qrigination Channels

MMWWWWAUMMJM chan-
nel, and oulpul of video images.

the gemnu’nn of the muitiport teceiver
concept. .

A multiport raceiver could be viewed as
2 special case of an open-architecnwe recaiv-
er, Toth said. *“The mput and output inter-
faces of tha receiver would allow maximum
user flexibility for interconnaction without
any signal degradstion,’’ be explamsad.

Development of architecturs and ierfaca
standards for the muitipart receiver in both
analog and digital video applications, he

Laboratary, )
mdmsmsw They said that
open architecture hinged on an intermedi-
fla representation for video signals, one that
‘“does not have a fixad sampling raster or
frame rate, and which can exist at a range
of bandwidths.’’

They deacribed work at the MIT Meadia
Laboratory on applying the open-architec-
ture concept 1o the entire television system
[Fig. 7]. The goais are to maximize the in-
terconnection options and to permit produc-
tion, distribution, storage, and viewmg to
employ a vaniety of standards optimized for
specific situations,

An open-architectire video represeatation
is acalable in resolution, they emphasized.
In other words, the number of lnes os the
display is determned strictly by the receiv-

ing hardware and is not coupled to the oum-
ber of ines used by the production equip-

ment. Scalability means that it should not be
necessary to decods the eanre teangmitted
signal to obtain an image at ower resalution
than the source. The signal is aiso scalabla
tempaorzlly, they reported, so that the frame
ate of production and dispiay are decoupled.
70 PROBE FURTRER. The April 1991 issue of
the Commumicahons of the ACM is a eps-
¢ial issue on digital muitimedia systems. It
was published by the Association for Com-
puting Machinery, 11 W. 42 St., New York,
NY. 10038; 212-869-7440. This artcle draws
on some of the material published in that

issue.

Descriptions of the JPEG and H.261 cod-
ing algorithma are contained in the article,
‘‘Video compression makes big gnins,’’ by
Peng H. Ang, Peter A. Ruetz, and David
Auld, in the October 1991 issue of JERE

Dwvmmem.mm
see Digital Vidao sn the PC Exvironment,
second edition, by Arch C, Luther (McGraw-

plications Developmant
ogy,”’ by Mark J. Bunzel and Sandnx

hesders/dascriptors

potion be adoptad by the FCC. For a copy,

contact Robert Sanderson, Eastman Kodak
Ca., Rochester, N.Y.; 715-253-5362.

Fornupdmonmhmmmrde-

NW., Wuhmwn DLC. 20008-1813.
chbnmle@mdthoIB‘EE

vision Epgineers (SMPTE) welcomes the
participation of any individual or group that
has an interest in the header/descriptor stan-
dards work. Contact Sherwin H. Becker,
director of engineering, SMPTE, 595 West
Hartadals Ave., White Piains, N.Y. 10807;
914-761-1100.
The Janvary 1992 issue of the SMPTE
]owmd PP 2-5, contains anarticle ‘‘Scal-
able Open-Architecture Television," by V.
Michael Bove Jr. and Andrew B. Lippman.
The praceedings of SME'TE s 26th Annal
Adnnced‘mhvmonmdklecuumchm
ing Confarence. hald in San Francisco, Feb.
7-8. i3 available from the society. That meet-
ing addressed the serions need for tachno-
logical compatibllity between talevisioa and
computers.
The Intersctive Multimedia Association's
‘'‘Recommended Practices for Mulumedia
Portability,’ Release R 1.1, is available fom
the organization, 800 K St., NW., Suite 440,
! Washington, D.C. 2000L; 202-408-1000, ¢

IEEE SPECTEUM MARCH M62
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ATRC UNVEILS DIGITAL HDTV SYSTEM:
PRESENTS TECHNICAL INNOVATIONS

The Advanced Television Research Consortium
(ATRC) has unveiled the technical aspects of {ts
advanced digital television transmission system and received FCC certification
for testing in early April. The system includes interoperability and
interterence-related characteristics that will enable it to outshine competing

[ TESTING

proposals. ATRC representatives said at a news conference here last week.

The consortium, which
includes the David Sarnoff
Research Center, YNBC, Philips
Consumer Electronics, Thomson
Consumer Electronics and
Compression Labs Inc., clearly
has left behind its former
analog, enhanced-definition
television approach in favor of
1 digital alternative.

"We strongly beijeve that

Advanced Digital TV is the best

choice for America," said James

Carnes, president of rhe
- " NEW DIQITAL HDTV SYSTEM PROGAESSER L. Tolovison
Sarnotff Research Center. Its n s e e e Iaievimon
creative combination of new Saman Passarcn Cantar ' e Mo 43 PR, Labcrtores . Sriarci 1Y
Laft 40 nght Mchast 4. Sheriock. Preswenm of N8C O ana

technology, coupled with emerg-

4. Petar Bingham. Presces of PRips Laborstones: James §. Casnes. President of the
Osvit Samot! Fesssrcn Center: and O. Josson Donahus Servar YIos President,
O rhomeon C

ing standards, allows for

outstanding HDTV picture and

sound quality, freedom from interference and a reliable and robust broadcast
signal under virtually all transmission conditions.”
The system's signal design includes a "spectral notch," permitting the

avoldance of NTSC interference, said Carnes.

Advanced Digital HDTV
Interference Comparison
Qther Digitst xstems

 rornaranes
Geonrm
Cenure

S—

NTBC

v {
ey I

wMM‘WMmH :;fL“

Advanced Olgital HOTV's spectrally-shaped QAM reducss interfsrence
ang incresses Coversge area by svoiding the high-power picture anc
1oung carriers of » NTSC signat

The notch permits interference-

free transmission by using
portions of the spectrum isolated
from NTSC signals (see graphic).
Two-tiered, spectrally shaped,
QAM data transmission permits the
most important bits to receive
higher power. Additionally, the
signal operates with lower power
than NTSC stations, which
eliminates interference "even
with co-channel separation needed
to accommodate most broadcasters
with a simulcast channel,” the

ATRC stated. The system also is
innovative because of its
packaging of data transmissjons,

s
said J, Peter Bingham, president

of Philips Laboratories. The svstem offers a data packeting capability that
“lexibly adapts to multimedia services, he added. Broadcasters will be able to

send variable streams of video, audio and data programming to viewers. "Our
data packaging will allow tor new forms of educational and entertainment
programming as well as extraordinary use of the home TV set," Bingham said.
Moreover, che data packaging capability 1is compatible with the video data
‘ompression protocols adopted bv the International Standards Organizaction's

‘stion ricture Experts oroup (MPEGY. .5 a result, ..TRC's ctransmission standard
v111 be compacible with digital video. consumer eiectronics. .omputer and
“alecommunlicatlions equipment and services worldwide, Jarnes saild.
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WHY "ADVANCED DIGITAL HDTV"
IS BEST FOR AMERICA

Introduction
1992 is a key year for HDTV in America.

(1) Testing of several competing HDTV transmission standards will be
completed this summer;

(2) By the fourth quarter of 1992, the FCC's Advisory Committee on
Advanced Television Service (ACATS) is scheduled to recommend an
HDTYV system to be the official American standard for HDTV over-the-
air broadcasting. Four of the five systems in the competition are digital.

(3) By mid-1993, the FCC will conduct a rulemaking to officially adopt the
standard.

The Advanced Television Research Consortium has developed the most
advanced digital HDTV system being considered by the FCC.



Our unique consortium combines the two largest video R&D labs in the
United States, the two largest TV receiver manufacturers in the United States,
and the leading American television network.

--  NBC
--  David Sarnoff Research Center, Princeton, NJ
--  North American Philips Corp.

 Philips Labs, Briarcliff Manor, NY

« Philips Consumer Electronics, Knoxville, TN
--  Thomson Consumer Electronics, Indianapolis, IN
--  Compression Labs, San Jose, CA

There is much more at stake than better picture quality in choosing an HDTV
standard.

For the first time in many years, a new market for TV sets will be created.
HDTV will also create a myriad of new applications throughout the
electronics, telecommunications, defense and computer industries -- and in
related information technologies, such as medical imaging.



The ATRC is committed to building a strong domestic HDTV
industry and to ensuring that HDTV provides a valuable and
lasting contribution to the U.S. economy. We believe it is
essential for the government:

-- To choose the best system from a technological standpoint;
and

-- To choose the system that best enhances U.S. competitive-
ness and provides the maximum number of U.S. jobs.




II.

HDTYV Chronology and Future Schedule

In 1987, after the first U.S. demonstration of the Japanese Muse HDTV
system the year before, U.S. broadcasters asked the FCC to address the

HDTYV issue. Congressional hearings also focused U.S. attention on HDTV.
The FCC established ACATS and gave it responsibility to:

--  Organize a process for the development and implementation of HDTYV in
America;

--  Set a schedule for testing each proposed system for HDTV broadcast
transmission;

--  Supervise laboratory testing at the industry-sponsored Advanced
Television Test Center (ATTC) in Alexandria, Virginia.

--  Establish specific criteria upon which each proposed system should be
evaluated;

--  Analyze the test results and submit a recommendation and supporting
data to the FCC.



In July 1991, system testing began and is continuing today. The approximate
future schedule follows:

--  Fall 1992: Testing to be completed

-~ 4th quarter 1992: System recommended by ACATS

--  Early 1993: Field test verification

- Mid-1993: FCC selects and announces standard

-- 1993-1995: Design, manufacture and installation of broadcast and
cable equipment

- 1995-96: Broadcast initiation to home

- 1996 - : New service innovations

The first key decision point will be the ACATS recommendation to the FCC
scheduled for later this year.




II1. System Criteria

o)

The FCC Advisory Committee is evaluating each system based on the
following four sets of criteria:

1. video and audio quality
2. coverage area, transmission robustness, accommodation percentage

3. interoperability characteristics, scope of services and features,
extensibility

4. cost to broadcasters, consumers and alternative media

The actual laboratory testing is focusing on video/audio quality and
transmission robustness. The remainder of the criteria will not be determined
by actual laboratory testing.

Beyond these criteria, there is an emerging consensus that the winning system
should use digital technology -- the language of computers -- and must be able
to be broadcast at the same time over a second channel (simulcast) as today's
NTSC analog transmissions without interference.




Digital is state-of-the-art technology, and the FCC's emphasis on digital is to
be commended. Digital video will have enormous new applications for
consumer electronics, for the defense and computer industries, for educational
TV and more.

Japan and the Europeans are developing a satellite HDTV system based on
analog technology.



IV.

System Proponents

When the competition began, there were more than 20 HDTV system
proponents. Today, only four major HDTV system proponents remain:

1. ATRC - Advanced Television Research Consortium (digital proposal)
David Sarnoff Research Center
Philips Consumer Electronics and Philips Laboratories
Thomson Consumer Electronics
NBC television network
Compression Labs

2. Zenith/ATT/Scientific Atlanta (digital proposal)
3. General Instrument/MIT (2 digital proposals)
4. NHK (analog proposal)

Lengthy descriptions of each proponent's system were submitted to ACATS
prior to test certification, so preliminary comparisons are possible.



V. Advantages of ATRC System

o  Our "Advanced Digital HDTV" system was officially certified on January 30,
1992 for testing scheduled to begin in May.

o The system is based on American technology and was developed at America's
two largest video R&D labs: The Sarnoff Center in Princeton, NJ, and Philips
Labs in Briarcliff, NY.

--  Sarnoff is renowned in the television industry for creating color TV in the
1950's and for developing the current NTSC broadcast transmission
standard.

--  Philips created compact disc technology and numerous other audio/video
advancements.

o The ATRC system is the most advanced when measured by the FCC's own
criteria, and it contains the most innovative use of digital technology. It is
truly the high-quality option for America.




Superior HDTV Picture and Sound Quality: Advanced Digital HDTV uses a
high 24 million bits per second data rate to achieve superior HDTV picture
and CD-like sound quality.

Lowest Interference with Existing NTSC Service: The system's unique
spectrally-shaped signal uses the simple and effective approach of avoiding the
high-power portions of an NTSC signal to simultaneously achieve low
interference into existing NTSC service areas and high immunity from NTSC
interference.

Highly Reliable and Robust Performance for Broadcasting: The ATRC system
transmits its sound and "viewable picture" data on a higher-power carrier,
separate from NTSC, providing a highly reliable and robust broadcast signal.

Coverage Area Better Than or Equal to NTSC and High Accommodation:
The higher-power carrier in the spectrally-shaped signal allows for increased
simulcast transmission power and reduced co-channel spacing needed to
provide outstanding coverage area and to accommodate broadcasters with a
simulcast channel.

-~ Our system fits on 6 Mhz., meaning no need for FCC spectrum
reallocation.
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Most Flexible Scope of Services: The system's unique data format and
flexible operating characteristics allow for an unsurpassed scope of services,
which will generate new forms of educational and entertainment programming
as well as extraordinary interactive use of the home TV set.

Greater Interoperability and Extensibility for Future Growth: The ATRC
system is the only one of the proposed digital systems that is compatible with
MPEG, the international digital video and audio standard. Thus, the system
includes interoperability features which make it multimedia ready and
compatible with the consumer electronics, telecommunications and computer
industries around the world.

--  This is a state-of-the-art feature vital to the future of HDTV in America.

--  Thus, the ATRC system is best positioned to facilitate the development of
new video services and to support the emerging relationship between
computers and television.

Lower Cost for Broadcasters, Alternative Media and Consumers: The system
leverages the MPEG standard to achieve the most powerful economy of all: a
single video compression standard for all consumer, computer and broadcast
equipment, which will eliminate the need for multiple encoder and decoder
types and create important synergies and economies of scale.

11



In short, the ATRC system combines cutting-edge
technology with emerging worldwide standards.

And the Sarnoff-NBC-Philips-Thomson-CLI consortium
alone has the U.S. manufacturing presence and
broadcaster support to implement the standard as
effectively and as quickly as possible.

12




VI. The ATRC Option: More U.S. Jobs

o The consortium's HDTV development program is backed by a rapidly
emerging implementation program.

o Thomson and Philips are the two leading TV manufacturers in the United
States both in terms of U.S. jobs and TV sets produced:

-- 19,000 workers at 10 plants in 6 states;

--  Thomson (RCA, GE, ProScan) and Philips (Magnavox, Sylvania, Philco,
Philips) brands account for more than one-third of all TV receivers
purchased by American consumers.

13



Thomson, headquartered in Indianapolis, IN, recently announced plans to
manufacture its widescreen HDTV receivers at its Bloomington plant -- the
largest TV assembly plant in the world. Large glass and picture tubes will be
made at Thomson's newly-upgraded Circleville, OH, and Marion, IN plants,
respectively ($160 million already spent to modernize).

--  Thomson alone employs more than 9,000 workers at its manufacturing,
R&D and distribution facilities in the United States.

--  Its other plants and facilities are located in Scranton and Lancaster, PA;
Mocksville, NC; and Syracuse, NY.

Philips Consumer Electronics Company and Philips Laboratories are divisions
of North American Philips Corp., a Fortune 100 company headquartered in
NY with 43,000 U.S. employees and over $6 billion of U.S. sales annually.

--  Philips Consumer Electronics is headquartered in Knoxville, TN and has
manufacturing operations in Greenville and Jefferson City, TN, and
Arden, NC. Philips makes its picture tubes in Ottawa, OH.

--  Philips Labs in Briarcliff Manor, NY has 350 scientists and engineers.
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--  Philips' Magnavox CATYV Systems, Inc. is headquartered in Manlius, NY
and manufactures broadband distribution equipment for the cable
television industry.

--  Philips has 10,000 people employed in its TV-related business.

Sarnoff employs 725 U.S. researchers, scientists, engineers and other
personnel.

Compression Labs, based in San Jose, California, is planning for the design
and manufacture of transmission encoders for the ATRC system.

NBC, along with its 208 affiliate stations, is evaluating program production
and transmission requirements for the broadcast networks as well as local
over-the-air stations.
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